Abstract. This paper is the final of three related articles that develop and demonstrate a new optimization-based framework for computational modeling. The framework uses optimization and control ideas to assemble and decompose multiphysics operators and to preserve their fundamental physical properties in the discretization process. One application of the framework is in the formulation of robust algorithms for optimizationbased transport (OBT). Based on the theoretical foundations established in Part 1 and the optimization algorithm for the solution of the remap subproblem, derived in Part 2, this paper focuses on the application of OBT to a set of benchmark transport problems. Numerical comparisons with two other transport schemes based on incremental remapping, featuring flux-corrected remap and the linear reconstruction with van Leer limiting, respectively, demonstrate that OBT is a competitive transport algorithm.
Introduction
In this and two companion papers [1, 7] we formulate and study a new optimization-based framework for computational modeling. One application of the framework, introduced in Part 1 [1] , is in the formulation of a new class of optimization-based transport (OBT) schemes, which combine incremental remap [3] with the reformulation of the remap subproblem as an inequality-constrained quadratic program (QP) [2] . An efficient algorithm for the solution of the remap subproblem is presented in Part 2 [7] . In this paper we apply the OBT framework to a series of benchmark transport problems cited in [4] .
Numerical comparisons with two other transport schemes based on incremental remapping are presented. The first scheme solves the remap subproblem using flux-corrected remap (FCR); for an FCR reference see [5] . We denote this scheme by FCRT (FCR based Transport). The second scheme solves the remap Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000.
subproblem via a linear flux reconstruction with van Leer limiting, see [3] and references therein. We denote the latter transport scheme by LVLT (Linear Van Leer based Transport). In comparisons with FCRT and LVLT, we demonstrate that OBT, while computationally more expensive, can be more accurate and significantly more robust.
Implementation
The OBT framework is developed in Part 1 [1] . To summarize, OBT for mass density relies on an incremental remap procedure with the following steps: (1) move an original computational grid in the direction of the advection and obtain a new grid; (2) compute mass density updates on the new grid; and (3) remap mass density onto the original grid. The remap subproblem in step (3) is formulated as an inequality-constrained quadratic program (QP) and solved using Newton's method for piecewise differentiable systems, derived in Part 2 [7] .
The QP describing the remap subproblem has the form
where F H ∈ R M are the given discrete high-order fluxes, b min ∈ R K and b max ∈ R K are lower and upper bounds obtained from local mass density bounds on the new grid, and A ∈ R K×M is an inequality-constraint matrix. Below we define the dimensions K and M for a concrete implementation of OBT. We also elaborate on the computation of F H and A. For the implementation of OBT, FCRT and LVLT algorithms we use structured quadrilateral grids. If N x and N y are the numbers of intervals in x and y directions, respectively, then K = N x N y . The high-order flux vector F H can be computed via integration over exact cell intersections, following the theory in Part 1 [1]. We avoid this potentially costly computation by using the concept of swept regions, see [6, 2] , where mass exchanges are allowed only between cells that share a side. This simplifies the computation of high-order fluxes used in OBT, as well as the computation of low and high-order fluxes used in FCRT and LVLT. Following the swept-region approximation, the dimension M is given by M = (N x + 1)N y + (N y + 1)N x . Assuming a dimensional partitioning of flux variables, Figure 1 gives the inequality-constraint matrix A for a structured grid with N x = 3 and N y = 4.
We implement OBT, FCRT and LVLT in Matlab TM and rely on vectorized arithmetic and efficient data structures for the storage of mesh data. We remark that such implementation can rival the computational performance of mathematically equivalent Fortran code, see [2, Sec. 6.4] . The global linear systems involving the matrices AA T , see Part 2 [7] , are solved using sparse Cholesky and/or LU factorizations.
